Introduction {#S0001}
============

Prehypertension was an intermediate status between normal blood pressure and hypertension,[@CIT0001] while pre-diabetes is defined as an metabolic status between normal blood glucose and diabetes mellitus (DM).[@CIT0002] The population with prehypertension/diabetes was at a high risk of developing hypertension and DM,[@CIT0003],[@CIT0004] which were the major risk factors for cardiovascular disease (CVD) or all-cause mortality.[@CIT0005],[@CIT0006] CVD was the common chronic disease worldwide, with high morbidity and mortality.[@CIT0007] In 2016, European Guidelines on CVD prevention in clinical practice suggested to screen for people at relatively low risk of CVD was not effective in reducing the risk of cardiovascular events.[@CIT0008] In 2019, European Society of Cardiology (ESC) Guidelines on diabetes, pre-diabetes, and CVD collaborated with the European Association for the Study of Diabetes and recommended to screen CVD patients for potential type 2 DM.[@CIT0009] At the moment, the common tools for cardiovascular risk assessment included the high-risk Systemic Coronary Risk Estimation (SCORE) and Framingham, which were available to estimate risk of the fatal and non-fatal CVD risks among apparently healthy individuals. In these assessment tools, levels of blood glucose and blood pressure were the important components.[@CIT0010],[@CIT0011] However, it is unclear whether the screening of prehypertension/diabetes among a wider population. Studies on the association between pre-diabetes and/or prehypertension with CVD-related and all-cause mortality have not yielded consistent findings.[@CIT0012]--[@CIT0017] To answer this research question, we analyzed data from participants in National Health and Nutrition Examination Survey (NHANES) without CVD at baseline, so as to investigate the impacts of prehypertension and/or pre-diabetes on subsequent occurrence of cardiovascular and all-cause mortality.

Methods {#S0002}
=======

Study Population {#S0002-S2001}
----------------

All participants were enrolled from the 1999--2014 NHANES. NHANES was an ongoing cross-sectional study with a series of stratified, multistage probability surveys designed to be representative of the US civilian, non-institutionalized population, which was conducted by the Centers for Disease Control and Prevention.[@CIT0018],[@CIT0019] We included participants ≥ 18﻿-years﻿-old without a history of CVD at baseline. However, participants aged \< 18 years, with missing data on diabetes history, hemoglobin A1C (HbA1C), fasting blood glucose (FBG), blood pressure, survival status, and subject with CVD, DM and/or hypertension at baseline were excluded. After applying these exclusion criteria, 23,622 participants were included for data analysis ([Figure 1](#F0001){ref-type="fig"}). The survey protocol was approved by the Institutional Review Board of the Centers for Disease Control and Prevention. All participants have provided written informed consent.Figure 1Research flowchart.

Baseline Assessment {#S0002-S2002}
-------------------

The questionnaires and examinations in NHANES were performed on a standardized manner. Covariates being assessed were socio-demographic, smoking status, education level, dietary energy, medical history (such as hypertension, diabetes, CVD and cancer), medication history ( the use of antihypertensive drugs, hypoglycemic agents, antiplatelet drugs and lipid-lowering drugs), systolic blood pressure (SBP), diastolic blood pressure (DBP), FBG, total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C) and HbA1C. Body mass index (BMI) was defined as mass (kg) divided by the square of height (m^2^). Estimated glomerular filtration rate (eGFR) was calculated using Modification of Diet in Renal Disease formula.[@CIT0020] Non-HDLC was defined as TC minus HDL-C, low HDL-C was defined as HDL-C \< 40 mg/dl (men) or \< 50 mg/dl (women).[@CIT0021]

Blood Pressure Measurement {#S0002-S2003}
--------------------------

Blood pressure measurement was measured by a trained physician using a mercury sphygmomanometer (W. A. Baum Co. Inc (1050), Copiague, New York, USA) and an appropriately sized cuff. Three consecutive blood pressure readings were obtained from the same arm. SBP and DBP were defined as the average value of three blood pressure measurements. Hypertension was defined as having a history of hypertension, a SBP ≥140 mmHg, a DPB ≥ 90 mmHg, and/or using antihypertensive medications.[@CIT0022]

Definitions of Pre-Diabetes and Prehypertension {#S0002-S2004}
-----------------------------------------------

According to American Diabetes Association, DM was defined as a self-reported diagnosis that was determined previously by a specialist, being treated with hypoglycemic medications currently, FBG level ≥7.0 mmol/l (126 mg/dl), or HbA1c level ≥ 6.5%.[@CIT0002] Participants were defined as pre-diabetes when their HbA1c level ranged between 5.7% and 6.4% or FBG level ranged between 100 mg/dl and 125 mg/dl^2^. Participants were classified as having prehypertension if their SBP/DBP ranged from 120 to 139/80 to 89 mm Hg.[@CIT0001]

Outcomes {#S0002-S2005}
--------

All-cause and cardiovascular mortality were the outcomes of this study. Mortality data were obtained from the NHANES public-use linked mortality files, which captured the vital status and cause of death of survey participants from survey participation to 31 December 2015. Cardiovascular mortality was defined by the International Classification of Diseases, 10th Edition, Clinical Modification System codes (I00-I09, I11, I13, I20-I51) derived from death-certificate data.

Statistical Analysis {#S0002-S2006}
--------------------

All participants were classified into the following four groups: 1) without pre-diabetes nor prehypertension﻿; 2) pre-diabetes alone﻿; 3) prehypertension alone﻿; and 4) combined pre-diabetes and prehypertension. Continuous variables are presented as mean ± standard deviation and categorical variables as percentage where appropriate. Subgroup differences were tested by one-way ANOVA, Student's *t*-test, chi-square or fisher exact tests. Survival analysis was performed using standardized Kaplan-Meier curves and Log rank test. Cox proportional hazards regression models were used to estimate hazard ratios (HRs) and 95% confidence interval (CI) for all-cause and cardiovascular mortality. The Model 1 only included the status of prehypertension or pre-diabetes, Model 2 was additionally adjusted for age and gender. The Model 3 was additionally adjusted for smoking status, education, race, BMI, and cancer status at baseline, as well as TC, HDL-C, eGFR, dietary energy, using of statin and antiplatelet drugs. We also performed subgroup analysis according to age (≤ 54, 55--64 or ≥ 65 years), gender (male or female), race (﻿white or non-﻿white), BMI (\< 25 or ≥ 25 kg/m2), smoking status (yes or no), non-HDLC (≥ 130 or \< 130 mg/dl) and low HDL-C (yes or no), and analyzed their interactions between pre-diabetes and prehypertension status with all-cause and cardiovascular mortality. All statistical analyses were performed using R version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria), and P\<0.05 was considered as statistically significant.

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

Baseline characteristics were summarized in [Table 1](#T0001){ref-type="table"}. The current study included 23,622 (11,233 \[47.6%﻿\] male) participants with an average age of 37.2 ± 15.5years. The number of participants without prehypertension nor pre-diabetes, prehypertension alone, pre-diabetes alone, combined prehypertension and pre-diabetes were 12,272 (51.95%), 5,841 (24.73%), 2,757 (11.67%) and 2,752 (11.65%), respectively. There were significant subgroup differences in age, gender, race, smoking status, education level, BMI, FBG, TC, HDL-C, SBP, DBP, eGFR, dietary energy, baseline cancer history, the use of statin and antiplatelet drugs (all P \< 0.05).Table 1Baseline Characteristics of the ParticipantsOverallNo Pre-DiabetesPre-DiabetesP-valueNo PreHTNPreHTNNo PreHTNPreHTN(n=23,622)(n=12,272)(n=5841)(n=2757)(n=2752)Age, y37.2 ± 15.532.2 ± 12.639.7 ± 16.242.2 ± 15.549.4 ± 16.2\<0.001Gender, %\<0.001 Male11,233 (47.6%)4562 (37.2%)3618 (61.9%)1327 (48.1%)1726 (62.7%) Female12,389 (52.4%)7710 (62.8%)2223 (38.1%)1430 (51.9%)1026 (37.3%)Ethnicity, %\<0.001 Non-white13,235 (56.0%)6866 (55.9%)3005 (51.4%)1745 (63.3%)1619 (58.8%) White10,387 (44.0%)5406 (44.1%)2836 (48.6%)1012 (36.7%)1133 (41.2%)Smoking, %8998 (38.1%)4104 (33.4%)2436 (41.7%)1167 (42.3%)1291 (46.9%)\<0.001Less than high school education, %4950 (21.0%)2205 (18.0%)1210 (20.7%)724 (26.3%)811 (29.5%)\<0.001BMI, kg/m227.3 ± 6.0426.1 ± 5.4928.0 ± 6.1628.7 ± 6.2629.8 ± 6.58\<0.001SBP, mmHg115 ± 11.0108 ± 7.34125 ± 6.56110 ± 6.90127 ± 6.46\<0.001DBP, mmHg67.9 ± 10.864.5 ± 9.3673.4 ± 11.366.0 ± 8.9173.4 ± 10.8\<0.001TC, mg/dl193 ± 41.4187 ± 40.5197 ± 41.6198 ± 41.0206 ± 40.0\<0.001HDL-C, mg/dl53.4 ± 15.555.1 ± 15.352.9 ± 16.051.0 ± 15.049.7 ± 14.7\<0.001Non-HDL-C, mg/dl140 ± 41.6132 ± 39.7144 ± 42.2147 ± 41.6157 ± 40.9\<0.001Energy intake, kcal2290 ± 10802260 ± 10602380 ± 11602200 ± 10502250 ± 999\<0.001eGFR, mL/min/1.73m298.6 ± 29.7104 ± 32.295.1 ± 27.093.8 ± 25.188.2 ± 21.9\<0.001Baseline cancer, %980 (4.1%)355 (2.9%)274 (4.7%)163 (5.9%)188 (6.8%)\<0.001Statin use, %608 (2.6%)139 (1.1%)167 (2.9%)134 (4.9%)168 (6.1%)\<0.001Antiplatelet drugs, %16 (0.1%)2 (0.0%)6 (0.1%)3 (0.1%)5 (0.2%)0.008Low HDLC, %6840 (29.0%)3319 (27.0%)1560 (26.7%)995 (36.1%)966 (35.1%)\<0.001All-cause mortality, %1039 (4.4%)345 (2.8%)336 (5.8%)118 (4.3%)240 (8.7%)\<0.001Cardiovascular mortality, %98 (0.4%)19 (0.2%)39 (0.7%)12 (0.4%)28 (1.0%)\<0.001[^2][^3]

Incidence of Cardiovascular and All-Cause Mortality {#S0003-S2002}
---------------------------------------------------

The incidence rate of all-cause and cardiovascular among prehypertension and/or pre-diabetes was shown in [Table 1](#T0001){ref-type="table"}. There were 98 cases of (0.41%) cardiovascular and 1,039 cases of (4.40%) all-cause mortality occurred during the mean follow-up time of 8.41 years. The cumulative survival probability of all-cause and cardiovascular mortality among participants with prehypertension and/or pre-diabetes was demonstrated in [Figure 2](#F0002){ref-type="fig"}.Figure 2Kaplan-Meier analysis for all-cause and cardiovascular mortality in different groups. (**A**), all-cause mortality; (**B**), cardiovascular mortality.**Abbreviations:** DM, diabetes mellitus; HTN, hypertension.

Risk for Cardiovascular and All-Cause Mortality {#S0003-S2003}
-----------------------------------------------

As shown in [Table 2](#T0002){ref-type="table"}, comparing to participants with no pre-diabetes nor prehypertension group, the Model 1 HRs for all-cause mortality for those with prehypertension alone, with pre-diabetes alone, and with combined pre-diabetes and prehypertension were 1.98 (95% CI:1.71, 2.30), 2.09 (95% CI:1.69, 2.57) and 3.97 (95% CI:3.36, 4.68). The Model 1 HRs for cardiovascular mortality were 4.17 (95% CI:2.41, 7.21), 3.95 (95% CI:1.91, 8.15) and 8.54 (95% CI:4.76, 15.32), respectively. In the fully adjusted model (Model 3), the HRs for all-cause mortality for those with prehypertension alone, with pre-diabetes alone, and combined pre-diabetes and prehypertension were 1.04 (95% CI: 0.88, 1.24), 0.96 (95% CI:0.76, 1.21), and 1.19 (95% CI:0.98, 1.46). Meanwhile, the Model 3 HRs for cardiovascular mortality were 1.51 (95% CI: 0.83, 2.77), 1.40 (95% CI:0.64, 3.06), and 1.70 (95% CI:0.88, 3.27), respectively for those with prehypertension alone, with pre-diabetes alone, and combined pre-diabetes and prehypertension.Table 2Multivariate Cox Regression Analysis for Mortality in Different ModelsAll-Cause MortalityHRs (95% CI)Case/totalModel1Model2Model3N=23,622N=23,622N=19,674preDM (-) & preHTN (-)345/12,2721.00(ref)1.00(ref)1.00(ref)preDM (-) & preHTN (+)336/58411.98(1.71,2.3)0.96(0.82,1.13)1.04(0.88,1.24)preDM(+) & preHTN (-)118/27572.09(1.69,2.57)0.92(0.74,1.14)0.96(0.76,1.21)preDM(+) & preHTN(+)240/27523.97(3.36,4.68)1.06(0.89,1.27)1.19(0.98,1.46)**Cardiovascular mortalityHRs (95% CI)Case/totalModel1Model2Model3N=23,622N=23,622N=19,674**preDM (-) & preHTN (-)19/12,2721.00(ref)1.00(ref)1.00(ref)preDM (-) & preHTN (+)39/58414.17(2.41,7.21)1.46(0.83,2.56)1.51(0.83,2.77)preDM(+) & preHTN (-)12/27573.95(1.91,8.15)1.21(0.58,2.54)1.40(0.64,3.06)preDM(+) & preHTN(+)28/27528.54(4.76,15.32)1.36(0.73,2.51)1.70(0.88,3.27)[^4][^5]

Subgroups Analysis {#S0003-S2004}
------------------

We performed subgroup according to age, gender, ethnicity, smoking status, BMI status, status of non-HDL-C status and low HDL-C status ([Table 3](#T0003){ref-type="table"}). BMI and race interacted significantly with the association between pre-diabetes/prehypertension status and all-cause mortality (both P for interaction \< 0.05), while only race interacted significantly pre-diabetes/prehypertension status to influence the association with cardiovascular mortality (P-interaction=0.029). Participants with combined pre-diabetes and prehypertension had a higher risk of all-cause mortality among those aged ≤ 54 (HR: 1.49 ﻿\[95% CI: 1.09, 2.05﻿\]) compared to people aged 55--64 0.99 \[95% CI: 0.59, 1.65\]) or ≥ 65 1.16 \[95% CI: 0.84, 1.60\]) years. Similarly, the association was stronger among ﻿white population (HR: \[1.47 (95% CI: 1.12, 1.94)\]) than non-﻿white population (0.98 \[95% CI: 0.74, 1.32﻿\]), for people with elevated non-HDLC (HR: \[1.30 (95% CI: 1.03, 1.64)\]) than those with normal non-HDLC (0.90 \[95% CI: 0.61, 1.31﻿\]). When using cardiovascular mortality as outcome, participants who combined pre-diabetes and prehypertension have higher risk of cardiovascular death among those with high non-HDLC (HR: \[2.92 (95% CI: 1.26,6.77)\]) comparing with people with normal non-HDLC (0.36 \[95% CI: 0.09,1.50﻿\]).Table 3Multivariate Cox Regression Analysis for Mortality in Different Models by SubgroupsAll-Cause MortalityHRs (95% CI)preDM (-)&\
preHTN (-)preDM (-)&\
preHTN (+)preDM(+)&\
preHTN (-)preDM(+)&\
preHTN(+)SubgroupCases/totalP-interactionAge, y0.128 ≥65413/15431.00(ref)1.09(0.80,1.49)0.96(0.64,1.44)1.16(0.84,1.60) 55--64142/19411.00(ref)1.11(0.7,1.75)1.09(0.61,1.94)0.99(0.59,1.65) ≤54484/20,1381.00(ref)1.02(0.8,1.31)1.01(0.71,1.43)1.49(1.09,2.05)Gender0.227 Male648/11,2331.00(ref)1.02(0.82,1.27)0.97(0.72,1.31)1.13(0.89,1.45) Female391/12,3891.00(ref)1.04(0.78,1.37)0.88(0.59,1.31)1.28(0.92,1.80)Race\<0.001 Non-white534/13,2351.00(ref)1.11(0.87,1.40)0.79(0.56,1.12)0.98(0.74,1.32) White505/10,3871.00(ref)1.05(0.82,1.35)1.16(0.83,1.61)1.47(1.12,1.94)BMI, kg/m^2^0.034 ≥25574/14,0741.00(ref)1.14(0.90,1.44)1.08(0.80,1.47)1.38(1.07,1.78) \<25430/93371.00(ref)0.92(0.71,1.20)0.77(0.52,1.14)0.91(0.66,1.26)Smoking0.760 Yes593/89981.00(ref)1.12(0.90,1.39)1.13(0.84,1.51)1.22(0.95,1.57) No388/11,9711.00(ref)0.95(0.72,1.25)0.72(0.48,1.08)1.21(0.88,1.67)Low HDL-C0.246 Yes298/68401.00(ref)1.02(0.74,1.41)0.90(0.59,1.37)1.12(0.79,1.59) No738/16,7731.00(ref)1.06(0.86,1.29)0.97(0.73,1.29)1.22(0.96,1.55)Non-HDLC0.627 ≥130664/13,2361.00(ref)1.08(0.87,1.34)0.99(0.74,1.32)1.30(1.03,1.64) \<130372/10,3771.00(ref)0.95(0.71,1.28)0.88(0.58,1.31)0.90(0.61,1.31)Cardiovascular mortalityHRs (95% CI)preDM (-)&\
preHTN (-)preDM (-)&\
preHTN (+)preDM(+)&\
preHTN (-)preDM(+)&\
preHTN(+)SubgroupCases/totalP-interactionAge, y0.359 ≥6558/15431.00(ref)0.95(0.4,2.26)1.03(0.35,3.00)1.52(0.66,3.51) 55--6413/19411.00(ref)4.11(0.49,34.54)3.41(0.3,38.9)1.96(0.19,19.92) ≤5427/20,1381.00(ref)2.09(0.81,5.41)1.70(0.43,6.69)1.50(0.37,6.17)Gender0.320 Male65/11,2331.00(ref)1.51(0.73,3.13)1.03(0.37,2.83)1.57(0.72,3.42) Female33/12,3891.00(ref)1.37(0.46,4.14)2.30(0.66,8.03)2.04(0.61,6.91)Race0.029 Non-white42/13,2351.00(ref)1.86(0.80,4.34)1.09(0.32,3.66)1.18(0.42,3.31) White56/10,3871.00(ref)1.42(0.60,3.39)1.75(0.61,4.99)2.27(0.94,5.49)BMI, kg/m20.448 ≥2553/14,0741.00(ref)1.57(0.67,3.70)1.87(0.68,5.12)2.03(0.84,4.93) \<2540/93371.00(ref)1.36(0.58,3.23)0.78(0.20,2.98)1.11(0.40,3.09)Smoking0.780 Yes59/89981.00(ref)1.85(0.84,4.09)1.34(0.47,3.86)1.87(0.80,4.39) No39/11,9711.00(ref)1.14(0.43,2.97)1.53(0.47,4.96)1.54(0.53,4.44)Low HDL-C0.976 Yes21/68401.00(ref)1.23(0.38,4.01)/1.00(0.29,3.43) No77/16,7731.00(ref)1.71(0.84,3.46)2.23(0.95,5.23)2.07(0.95,4.49)Non-HDLC0.250 ≥13066/13,2361.00(ref)1.79(0.78,4.15)2.43(0.92,6.42)2.92(1.26,6.77) \<13032/10,3771.00(ref)1.18(0.48,2.90)0.45(0.09,2.22)0.36(0.09,1.50)[^6][^7]

Discussion {#S0004}
==========

In the present study, we found that no obvious association of prehypertension alone or pre-diabetes on the subsequent occurrence of cardiovascular nor all-cause mortality among subjects without CVD at baseline. According to subgroup analysis, BMI and race interacted significantly with the association of combined pre-diabetes and prehypertension status with all-cause mortality, while only race interacted significantly with the association of cardiovascular mortality. The impact of combined pre-diabetes and prehypertension on all-cause mortality appeared to be stronger among participants aged ≤ 54 years, BMI ≥ 25 kg/m2, ﻿white population and subject with elevated non-HDLC.

When comparing with previous literatures, our study has demonstrated some inconsistent findings. The Women's Health Initiative study showed that prehypertension was associated with an increased risk of cardiovascular death in postmenopausal women.[@CIT0023] The Framingham Heart Study also found that prehypertension associated with an increased risk of CVD.[@CIT0024] A recent meta-analysis of 47 cohort studies showed that prehypertension was associated with an increased risk of total CVD, and the effective control of prehypertension could prevent more than 10% CVD cases.[@CIT0025] Moreover, a meta-analysis demonstrated that prehypertension was associated with CVD mortality, but not with all-cause mortality.[@CIT0012] Meanwhile, our findings were similar to a previous study that pre-diabetes did not associate with the risk of cardiovascular and all-cause mortality.[@CIT0026] Zhang et al demonstrated that impaired glucose tolerance or impaired fasting glucose greatly increased the CVD risk among people with prehypertension.[@CIT0027] A meta-analysis of 53 prospective cohort studies revealed that pre-diabetes might lead to an increased risk of cardiovascular and all-cause mortality.[@CIT0015] Moreover, the Strong Heart Study found that comparing with people with normal levels of blood pressure and blood glucose, prehypertension and/or pre-diabetes significantly increased the risk of subsequent cardiovascular events.[@CIT0027] In addition, a meta-analysis revealed that among patients with clinical history of CVD but without hypertension, antihypertensive treatment was associated with a decreased risk of composite CVD events and all-cause mortality.[@CIT0028] The main reason for inconsistent findings might be attributed by the few number of mortality cases in our study population, which reduced the statistical power. In addition, the study population, adjusting confounding factors and the follow-up time may also have an impact on the results.

As revealed by subgroup analysis, the association between combined pre-diabetes and prehypertension status with all-cause mortality appeared to be stronger among participants who were younger, had elevated body weight, ﻿white population or people with high non-HDLC. Our results suggested screening and management of blood glucose/pressure may be necessary for the CVD-free population at a younger age, particularly for those with elevated BMI or dyslipidemia. According to American Diabetes Association, pre-diabetes screening should be performed among people with overweight or obese who had at least one cardiometabolic risk factor.[@CIT0002] However, European Society of Cardiology recommends that individuals with pre-diabetes but without CVD were not necessarily at elevated cardiovascular risk, the risk scoring for CVD should be calculated in the same way as the general population.[@CIT0029] Although prehypertension or pre-diabetes alone may not predict the risk for cardiovascular event, combined prehypertension and pre-diabetes may enhance the detrimental effect on cardiovascular health. In addition, without any intervention, many prehypertensive and pre-diabetes participants may develop hypertension and diabetes. Therefore, early screening of blood glucose and blood pressure in specific subjects including young and middle-aged, overweight/obesity, dyslipidemia population, may be beneficial.

Our study had several limitations that should be taken into consideration. First, some baseline variables were self-reported, which may introduce recall errors. Second, this study did not consider the confounding effects of physical activity, triglyceride, low-density lipoprotein cholesterol and some other variables. Third, FBG and HbA1C were measured only once at baseline, and we were not able to examine postprandial blood glucose nor performed oral glucose tolerance test which might underestimate the total number of pre-diabetes. In addition, we only measured blood pressure at baseline, which may also lead to inaccurate diagnosis of prehypertension. Despite these limitations, NHANES have a rigorous and standardized study protocol, and have an extensive quality control procedure in data collection, which are the advantages of this study.

In conclusion, combined prehypertension and pre-diabetes might elevate the risk of all-cause mortality in participants without CVD at baseline. It is worthwhile to explore the most suitable population for prehypertension/diabetes screening. However, for subjects without a history of CVD, more well-designed prospective cohort studies are needed in the future to clarify whether should be early screening or intervention for prehypertension or pre-diabetes.
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